Few studies have examined consumer acceptability or comprehension of cholesterol-lowering claims on food labels. Our objective was to assess consumer attitudes and understanding of cholesterol-lowering claims regarding plant sterols (PS) and oat fibre (OF). SUBJECTS/METHODS: We conducted two studies on: (1) PS claims and (2) OF claims. Both studies involved a randomized mock-packaged experiment within an online survey administered to Canadian consumers. In the PS study (n = 721), we tested three PS-related claims (disease risk reduction claim, function claim and nutrient content claim) and a 'tastes great' claim (control) on identical margarine containers. Similarly, in the OF study (n = 710), we tested three claims related to OF and a 'taste great' claim on identical cereal boxes. In both studies, participants answered the same set of questions on attitudes and understanding of claims after seeing each mock package. RESULTS: All claims that mentioned either PS or OF resulted in more positive attitudes than the taste control claim (P o 0.0001), despite all products within each study having the same nutrition profile. How consumers responded to the nutrition claims between the two studies was influenced by contextual factors such as familiarity with the functional food/component and the food product that carried the claim. CONCLUSIONS: Permitted nutrition claims are approved based on physiological evidence and are allowed on any food product as long as it meets the associated nutrient criteria. However, it is difficult to generalize attitudes and understanding of claims when they are so highly dependent on contextual factors.
INTRODUCTION
Cardiovascular disease (CVD) is one of the leading causes of morbidity and mortality in Canada. 1 Dietary and medical interventions to lower low-density lipoprotein cholesterol are the key strategies for primary and secondary prevention. 2 As the majority of Canadians do not have access to diet counselling, 3 food labels are a main source of nutrition information. 4 Generally, nutrition labelling consists of the nutritional facts table (NFT) as well as different types of nutrition claims. Nutritionrelated claims include both nutrient content (NC) and health claims. [5] [6] [7] They allow the food industry to communicate, on a voluntary basis, the health benefits of their products and, at the same time, help consumers interpret the NFT. Health claims are defined as 'any representation in labelling and advertising that states, suggests or implies that a relation exists between the consumption of foods and health. 5 In the past 3 years, Canada and the European Union (EU) have permitted several disease risk reduction (DRR) health claims (or Article 14(1)(a) claims in the EU) that link a food or food component with cholesterol lowering such as those for plant sterols (PS) and oat fibre (OF). [8] [9] [10] Also permitted are function claims (Article 13(1) claims), a subset of health claims differing from DRR claims, that state the specific benefits of a food/food component on normal function and biological activities in the body. NC claims, on the other hand, refer only to the level of a nutrient in a food and, therefore, are not considered as health claims. However, evidence suggests that if the awareness of the specific diet-health relationship is high, the mere mention of the specific nutrient will infer health benefits to consumers. [11] [12] [13] [14] In the EU, there is a regulatory requirement to demonstrate that claims are understandable to the average consumer before their approval. 7 Despite the recent approvals of cholesterol-lowering claims, few published studies have thoroughly examined consumer acceptability or comprehension of cholesterol-lowering claims. Therefore, our objective was to assess Canadian consumer attitudes and understanding of cholesterol-lowering claims regarding PS and OF.
MATERIALS AND METHODS

Experimental design
Randomized mock-package experiments were conducted through online surveys administered between September and October 2011 to the Advanced Foods and Materials Network's Canadian Consumer Monitor Panel, a longitudinal survey panel of adult grocery shoppers (18-69 years), as described previously. [14] [15] [16] Two randomly selected subsamples of the panel participated in a study on either the attitudes and understanding of cholesterol-lowering claims related to PS or OF.
In each study, using a randomized repeated-measures design, participants were exposed to four mock packages and were required to answer 1 questions quantifying their attitudes and understanding of the tested claims. The studies were identical in design and structure except for the mock packages and the claims that were tested. The study design was adapted from an earlier study conducted in Belgium. 17 Adaptations included the use of Canadian label formats and claims that complied with Canadian labelling regulations. Upon entry into the panel, all panellists were asked to complete a baseline survey that captured demographic variables such as age, gender, education and self-reported diagnosed health status, which were linked to the current survey. Panellists in the PS or OF study that did not complete the baseline survey were excluded in the final analyses.
Survey structure-mock-package experiment
In the PS study, we tested three different PS-related claims in the context of a mock margarine container: (1) NC claim; (2) function claim; and (3) DRR claim ( Figure 1 ). The fourth claim was a 'tastes great' claim that served as a control. Similarly, in the OF study, we tested three claims related to OF and a 'taste great' claim in the context of a mock cereal box (Figure 1 ). The mock packages were professionally designed (OnBrand, Toronto, ON, Canada) based on similar Canadian food products. 18 An enlarged version of the claim appeared beside the product to ensure legibility on the computer screen.
Product variables, such as functional ingredients, nutritional profile and all other attributes of the label, were kept constant among all the mock packages within each study. Regardless of the claim carried, the nutritional profile for each food package was identical within each study. Links were made available below each mock package to view the NFT in a separate pop-up window, if panellists wished to do so.
During the mock-packaged experiment, participants were asked the same set of questions. 14 We asked questions regarding attitudes towards the claim, attitude towards the product and purchasing intentions. Several questions were also included to evaluate understanding of the claim. See Figure 2 for the wording of the questions.
After the mock-package experiment was completed, a series of questions on key participant characteristics, such as personal relevance, familiarity of the product (that is, margarine or cereal) and personal beliefs that have been shown to contribute to attitudes and understanding of health claims were obtained. Majority of the questions used a five-point Likert scale, whereby 1 = the least/negative end of the scale and 5 = most/ positive end of the scale.
Procedures
Before administration, the survey underwent a plain language review, French translation and pilot testing. Snap 10 Professional Survey Software and Webhost (Snap Surveys Ltd., Portsmouth, NH, USA) were used to electronically design, randomized the mock packages within each survey and administer surveys.
Each panellist was provided a unique electronic link to the passwordprotected online survey by email. Panellists who did not complete the survey after the first email invite received up to three weekly email reminders. All panellists who participated in the studies were entered in a lottery for a chance to win one of two monetary prizes. The study protocol was approved by the Research Ethics Boards at the University of Toronto and at the University of Guelph. Consent was obtain from all participants at recruitment and was available with each survey. Figure 1 . Mock packages and tested claims for two different groups of cholesterol-lowering foods/food components. Mock packages within each study were identical except for the claim on the front of the package. Depending on the study, panellists evaluated either four margarines or four cereals in random order, each carrying one of the four tested claims. The tested claims used within the plant sterol (PS) claims study and the oat fibre (OF) claims study are displayed: (1) nutrient content claim; (2) function claim; (3) disease risk reduction claim; and (4) taste control claim. The wording of the PS and OF disease risk reduction claims are based on the prescribed wording approved by Health Canada and the doses mentioned are based on amounts provided in the leading PS margarine and OF cereal in Canada. Participants had the choice of viewing the nutrition facts table by clicking on a link below the mock package. The nutrition facts table was identical for each mock package.
Data analysis
Descriptive statistics (means ± s.d.) were performed on all rating questions. Mean differences in ratings among the four tested claims were determined by LSMeans multiple comparisons analysis with Bonferroni adjustments. The fixed effects of the claim type and hypercholesterolaemia status were estimated using a repeated-measures analysis (proc mixed) with age, gender and education included as covariates in the model. Personal beliefs and relevant reported behaviours were included in the model when a significant fixed effect was observed in one or more of the outcome variables. Statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc, Cary, NC, USA).
Responses to the open-ended question probing understanding were analysed by researchers using inductive thematic analysis whereby key themes in the responses were identified, coded and quantified. 19 
RESULTS
Participants
A total of 1017 and 1002 panellists completed the study on PS and OF claims, respectively. In all, 721 in the PS study and 710 panellists in the OF study completed both the baseline survey and Figure 2 . Questions within the surveys. The survey structure and questions were identical in both the plant sterol claim and oat fibre claim study. The only difference between the studies were the mock packages and the claims that were tested. ** Results from this question are not presented in this article.
QUESTIONS DURING THE MOCK PACKAGE EXPERIMENT TO EVALUATE ATTITUDES AND UNDERSTANDING OF CLAIMS
the mock-package experiment and were included in the final analysis. Baseline characteristics of the participants are presented in Table 1 . Overall, both survey samples were older, more female and more educated compared with the most recent Canadian census data.
Attitudes towards claims For PS claims, the type of claim had a significant effect on the perceived attractiveness, credibility and clarity of the wording of the claims (P o 0.0001) ( Table 2 ). Participants found the DRR claim to be the most attractive, whereas the NC and the taste control claims were perceived as the least attractive. The DRR was also perceived as being most credible followed by NC and function claims, whereas the taste control claim was viewed as least credible. The wording of the DRR claim was also perceived as being the most clear, whereas the NC claim was found to be the least clear. For the OF claims, the type of claim had a significant effect on the perceived attractiveness, credibility and clarity of the wording of the claims (P o 0.0001) ( Table 2 ). The DRR claim was rated the most attractive and credible, whereas the taste control claim was rated the least. The wording of the NC claim was the most clear, whereas the function claims was rated the least clear.
Healthfulness of product
The PS margarine with the DRR claim was perceived as most healthy, followed by margarines with the function and NC claims, in that order, with the taste control claim perceived as the least healthy (P o0.0001) ( Table 2) .
Participants thought the cereal carrying the OF DRR claim was the most healthy, whereas they perceived the taste control claim as the least healthy (P o 0.0001) ( Table 2 ).
Claims and purchasing intensions Participants were more influenced and reported higher purchasing intentions for margarine that carried the PS DRR claim than the function, NC and taste control claims (P o0.0001) ( Table 2 ). For perceived usefulness of claims, the longer DRR claim was found to be most useful, while both the NC and taste control claims were thought to be the least useful (P o0.0001).
All claims on OF were more influential on purchasing intentions than the taste control claim (P o 0.0001) ( Table 2) . Participants were most willing to purchase the cereal with the DRR claim and found the DRR claim to be most influential and useful when forming purchasing intensions. The taste control claim was rated the least influential or useful.
Understanding of claims: open-ended question
We asked participants to describe to a friend what the tested claims meant to them and the top 10 identified themes in their response to each PS claim or OF claim are presented in Table 3 . Of the 1017 panellists who participated in PS claims study and 1002 who participated in the OF claims study~63% (n = 615-661) and 60% (n = 589-624) of respondents completed the open-ended question for each of the tested claims respectively.
DISCUSSION
The present two mock-package experiments were chosen because they tested consumer attitudes and understanding of claims that have been scientifically substantiated to lower blood cholesterol; one on an added ingredient (PS) vs the other in a whole food (OF). These two studies are a follow-up to a previously published study on sodium claims.
14 Similar to the sodium claims study, all claims that mentioned either PS or OF (that is, NC, function and DRR) resulted in more positive attitudes towards the claim, overall product healthfulness and purchasing intentions than the taste control claim, despite all products within each study having the same NFT (Table 2 ). This supports the marketing value of using nutrition claims to influence consumers' purchasing decisions. However, the manner in which consumers responded to the different types of nutritionrelated claims differed among the studies.
How panellists responded to different claim topics (that is, PS, OF and sodium) depended on their familiarity of the food/food component being claimed and their familiarity with the specific food-health relationship. With the recent highly publicized initiatives to reduce dietary sodium, we have previously demonstrated that 67% of Canadian grocery shoppers are concerned with excess dietary sodium intakes 15 and that consumers rated a low-sodium NC claim similarly high as the more informative sodium and hypertension DRR claim in terms of attractiveness, purchasing intentions and health benefits.
14 However, unlike the case of sodium claims, in this study, we observed that consumers reacted more positively to claims with more information on the benefits of consuming OF and this was especially notable for PS. Participants had a clear preference for the more medical-like prescriptive claim wording used in the DRR claim that contained information on the quantity of the food/food component within the product in relation to the amount needed to be consumed for a physiologically meaningful effect, and on the function of the food/food component (that is, cholesterol lowering) that was responsible in reducing the risk of heart disease. Canada and the EU are pioneers in allowing DRR or Article 14(1)(a) claims to use the more therapeutic language such as 'lowers cholesterol'. We are not aware of any studies that have examined the use of such prescriptive and therapeutic language.
In the PS study, it was obvious that participants were unfamiliar with PS and their health benefits. Participants rated the NC claim, that only mentions the amount of PS, as being the least clear. In the open-ended question, more participants expressed their ignorance to the term PS when exposed to the NC claim, and this occurrence decreased as more information was provided about the health benefits of PS and as well as the dose of PS in the product (that is, function and DRR claims) ( Table 3) . With the longer and more informative PS claims, participants were more likely to state the product was a good or healthy choice (NC 2%; function 6%; DRR 12%) ( Table 3 ). This aligned with higher ratings Respondents who completed baseline survey and either a survey on plant sterol or oat fibre claims on the claims attractiveness, credibility, influence and usefulness, as well as their perceived healthfulness and purchasing intentions of the product carrying the tested claim. Similarly, a previous study demonstrated that Europeans and Americans found the PS-related NC claims harder to understand than PS-related health claims and that PS health claims resulted in higher overall ratings of perceived healthiness and consumer appeal. 20 A Finnish study also found participants viewed products with a PS-related NC claim as less advantageous than products with PS health claims. 13 At the time of these studies, PS products have been on the US and European markets for 10-20 years. 21, 22 At the time of the present study, PS as a food ingredient and its associated DRR health claim had only been approved for use on the Canadian market for little over a year.
For OF claims, the DRR claim was also often rated the highest, followed by the function and NC claims, which were often rated similar to each other. Participants may have appreciated the direct connection of the food and its health benefit as made in the DRR claim on OF and cholesterol lowering. Consumers seemed to be familiar with the term 'fibre', with 16% of respondents stating that the cereal was a good or healthy choice regardless of the type of claim (Table 3 ) and unlike the case of PS, participants also rated the OF NC claim 'high source of fibre' as being the clearest and similar to the DRR claim (Table 2 ). However, it was evident that consumers were aware of other health benefits associated with fibre that were not mentioned in the DRR claim. In the open-ended question, 12% of respondents listed other wellknown health benefits of fibre such as promoting regularity and attenuating glycemic response to foods (Table 3) . With the NC fibre claim, cholesterol lowering was rarely mentioned but when exposed to the function and DRR claims, the responses were concentrated on cholesterol-lowering or the heart health benefits of OF. Previous studies on fibre claims have examined regularity, satiety, cancer and glycemic control, whereas none examined OF and cholesterol lowering. 13, 20, 23, 24 In addition, a significant portion of the sample (~8%) noted the overuse of the fibre NC claims on cereals (Table 3 ) and this may help explain why, in this instance, participants often rated DRR claim over the NC claim in terms of attractiveness, credibility, healthiness, influence and purchasing intentions ( Table 2 ).
Although not statistically tested, the ratings for the products with OF claims were rated higher than products with PS claims. This may be an effect of the actual food product. The taste great claim was generally rated lower on the margarine than the cereal on all the survey questions. A larger number of the respondents advised against consuming margarine (11%), compared with participants that commented on avoiding sugar in cereals (6%) ( Table 3 ), suggesting that margarines have a less healthy image than oat cereals in the minds of our participants. Therefore, it is likely that claims may be rated differently on different food products. Research has shown that the type of food product affects consumers interpretation of the claim and, thus, modifies Plant sterol study: the model controlled for cholesterol status, age, gender, education, significant beliefs (perceived impact food has on health, control of their own health, effectiveness of functional foods and helpfulness of health claims) and reported behaviours (frequency of consumption of margarine, looks for health claims and nutrition facts table when grocery shopping and seeks more information after seeing a health claim). Oat fibre study: the model controlled for cholesterol status, age, gender, education, caregiver status, significant beliefs (perceived effectiveness of functional foods, helpfulness of health claims and perception of health claims as being gimmicks) and reported behaviours (frequency of consumption of breakfast cereals, looks for health claims and nutrition facts table when grocery shopping, purchases functional foods and seeks more information after seeing a health claim). 4 P-value for the main effect of cholesterol status. No interaction between claim type and cholesterol status was observed.
Consumer attitudes and understanding of cholesterol-lowering claims CL Wong et al Table 3 . perceptions of claims. 25 From a regulatory standpoint, permitted nutrition-related claims are approved on the basis of physiological evidence and are allowed on any food product as long as it meets the nutrient criteria that are associated with the claim. However, results from these studies suggest that it is difficult to generalize attitudes and understanding of claims when it is so highly dependent on contextual factors such as (1) their familiarity with the food/food component, (2) their awareness of the food-health relationship and (3) the overall food product carrying the claim.
The current findings along with the previous published study on sodium claims have practical implications for both industry, government and health professionals; who all benefit from knowing how consumers evaluate such claims. Results highlight scenarios where longer, more informative claims would achieve a maximum marketing impact than shorter claims and vice versa. Shorter claims save coveted marketing space on labels, but as we have demonstrated, when the diet-health relationship is unfamiliar longer claims are more appropriate. We have shown that it is difficult to generalize attitudes and understanding of claims, but unlike the EU, Canada and many other countries approve nutrition-related claims based on physiological evidence without consideration of consumers response to claims. However, consumer research, such as the studies presented, are subjective in nature and the current findings strongly support future studies involving measures such as sales and dietary intake data but development of methodologies that can better isolate the effect of claims on actual sales and dietary behaviour would be needed.
CONCLUSION
In both studies, all nutrition-related claims elicited more positive responses than the taste control claim, even though the NFTs were identical. Differences in consumer response to the different types of claims (that is, NC, function and DRR) were observed; however, how the participants responded to the different types of nutrition-related claims depends highly on contextual factors such as familiarity with the ingredient and the food product that carries the claim. Future research would have to investigate claims in the context of several different food products to confirm the range of consumer responses and continue monitoring consumers attitudes as consumer education and food/ingredient familiarity increases and labelling regulations continues to evolve.
